Introduction
During the EURAMET TC Flow meeting, held in Scotland in March 2010, it was agreed to start a comparison with a 1000 L proving tank in order to compare results, uncertainties and calibration methods. Both the gravimetric method and the volumetric method were used by several laboratories.
Within EURAMET it is the first time that a comparison is organised in the large volume capacity range. So far there have been only EURAMET comparisons in the µL range, and volumes of 100 mL, 5 L and 20 L. Compared to small volume standards, the calibration of large proving tanks involves a number of circumstances that may vary considerably between the laboratories (type and preparation of water and its actual temperature, control of surrounding air temperature and humidity, practical handling, different surface conditions inside, techniques to read the scale, use of balance or volumetric standards etc.).
The Portuguese and Dutch Metrology Institutes, IPQ and VSL, were the coordinators of this comparison. VSL, acting as the pilot laboratory, performed the initial and final measurements on the 1000 L proving tank.
The project protocol was sent to all the EURAMET TC Flow members and 11 NMIs agreed to participate. During the comparison two other NMIs joined and one withdrew due to customs problems. The circulation of the 1000 L proving tank started in September 2010 and ended in June 2012. Each NMI had one month to perform the calibration of the 1000 L proving tank. The participants are presented in table 1, in order of participation date. The same transport company was hired by all the participants but still there were some delays due to all sorts of problems but mainly because of customs issues. Participants presented a report of their measurements before the end of the comparison according to a spreadsheet supplied by the coordinators of the comparison, Annex 1.
The transfer standard
The 1000 L proving tank that was circulated in this comparison is the property of VSL. It has the following characteristics (see figure 1 ):
carbon steel construction with a coating on the inside 1000 L nominal volume at 20 °C double windows (glass plates) in the neck (front and back) scale extending from -1% to +1%, scale interval 0,01%, with a length of 225 mm approximate mass excluding the transport box: 300 kg diameter of main body: 1,35 m height including the wheels: 2,40 m inner diameter of the neck: 330 mm coefficient of cubical thermal expansion of the TS: 0,0000335 °C -1 RTD (Pt-100) length 300 mm, calibrated by VSL including read-out unit 
Calibration method
The participating laboratories used their normal calibration method(s)/procedure(s) to determine the volume at the zero graduation mark of 1000 L. The gravimetric method (weighing of water) as well as the volumetric method (filling with water from one proving tank to another) was used, see figure 2.
The measurements were performed at varying room temperature conditions and the results recalculated for a liquid temperature of 20 °C. The proposed liquid delivering time was about 6 minutes. After emptying the proving tank the laboratories waited 30 seconds before closing the valve.
In the spreadsheet that was supplied by the coordinators of the comparison, each laboratory described the equipment that was used during the calibration and its traceability.
Type of calibration method
Both the gravimetric and volumetric method were allowed to be used. Three laboratories used both methods, five laboratories used the volumetric method and four laboratories used the gravimetric method, see table 2. 
Gravimetric method
The majority of laboratories that performed the calibration of the 1000 L proving tank (PT) with the gravimetric method used the formula described in ISO 4787 [1] :
[ ] 
Volumetric method
The majority of the laboratories that performed the calibration of the 1000 L proving tank by the volumetric method used the following formula: The working conditions in the laboratories of each participant using the gravimetric method are described in table 3: One laboratory presented a low value for temperature in comparison to the reference temperature of the proving tank. Nevertheless if the temperature of this quantity of water is controlled and the volume is corrected for the working condition this will not affect the results significantly.
Type of water
The water production method and the formula or method used to determine the density are described in table 4. The water used by the majority of the laboratories is tap water. Corrections were applied for the impurity to the used water density formula in order to have the correct water density.
Mass standards
Some information about the type of mass standards is given in table 5. The laboratories did not report the OIML class of the mass used [2] in the type column.
Only two laboratories used a mass standard of the same nominal volume as the calibrated proving tank. The upper range and resolution of the balance is variable and can influence the declared uncertainty.
Volumetric method

Working conditions during the measurements
The working conditions as mentioned by the participants are described in table 7: The presented values are more or less the same for the different laboratories. The majority of the laboratories used the PT 100 that was installed in the 1000 L proving tank for the water temperature measurements. The calibration certificate of the probe was supplied by VSL, Annex 2.
Type of water
The majority of the laboratories used tap water. For the volumetric method the water impurity is not an issue for the calculations nor is it an uncertainty source for the results.
Volume standard
Information about the type of volume standard is reported in table 8. The majority of the laboratories used a 500 L overflow standard.
Measurement results
Stability of the TS
VSL, acting as the pivot laboratory, made a calibration of the TS at the beginning, the middle and the end of the comparison. The first value was taken as the official result of VSL. The results of the stability measurements are presented in table 9. The three results obtained by VSL are consistent. The difference in measured volume is considerably smaller than the stated uncertainty. This demonstrates that the TS had a stable volume during the entire comparison.
Measurement results
The measurement results presented by each participant are collected in table 10. There are a total of 15 measurements of 12 laboratories. For the laboratories that presented both volumetric and gravimetric results only one was used for the determination of the reference value, the one with the lower uncertainty.
A difference between the results from the gravimetric method and the results from volumetric method can be observed. The mean volume of the gravimetric method is 999,664 L and for the volumetric method the mean volume is 999,722 L. From the 3 laboratories that performed both measurements only IPQ observed a similar difference between the results. The presented uncertainties for the volumetric method are in all cases larger than for the gravimetric method, as expected, because it is a secondary calibration method.
Determination of the reference value
To determine the reference value of this comparison (RV) the weighted mean (3) was selected, using the inverses of the squares of the associated standard uncertainties as the weighing factors [3] , according to the instructions given by the BIPM:
To calculate the standard deviation u(y) associated with the volume y , equation (4) was used:
The expanded uncertainty of the reference value is U(y) = 2 × u(y).
To identify an overall consistency of the results a chi-square test can be applied to all n calibration results. 
where u(d i ) is calculated from
Discrepant values can be identified when | | > 2 ,
To calculate the degrees of equivalence d ij between the laboratories the following formulas are used:
Where u(d i,j ) is calculated from
The factor 2 in equation (7 and 10) corresponds to a 95% coverage interval under the assumption of normal distribution of the results.
Results with reference value and RV uncertainty
The obtained reference value is 999,671 L. The expanded uncertainty U = 2 × u(y) of the reference value is: 0,033 L.
The calculated value χ 2 (ν) = 19,67 is larger than χ 2 obs = 19,40, the observed value, therefore the set of results is consistent from a statistical point of view and the reference value is accepted. All the measurement results, the reference value and its uncertainty are presented in the following figure 3: The degree of equivalence with the RV is presented in figure 4 : There are two laboratories that present slightly discrepant values when compared with the reference value, DMDM and LNE.
The results of the degree of equivalence between all the laboratories can be found in Annex 3.
Uncertainty presentation
It was requested that all participants present there uncertainty calculations based on the GUM [4] . Because the used methods are different, so are the uncertainty analyses.
Gravimetric method
The uncertainty components for each NMI that used the gravimetric method are as follows: Table 12 -Uncertainty components for gravimetric method For the majority of the laboratories the largest uncertainty component is the uncertainty of the balance.
SMU has a significantly higher expanded uncertainty then the other NMIs due to the repeatability.
Volumetric method
The uncertainty components for the volumetric method are as follows: In the volumetric method the components with the largest contribution to the uncertainty are the volume standard calibration and the meniscus reading. MIRS has a significantly higher expanded uncertainty then the other NMIs due to the repeatability.
Conclusions
The results are quite satisfactory. The majority of the laboratories present results that are consistent with the reference value, and with each other. There are two laboratories, DMDM and LNE, that present slightly discrepant values when compared with the reference value. Discrepant values are found in red letters.
